We empirically analyze whether support by the parent organization in the early (nascent and seed) stage speeds up the process of commercialization and helps spin-offs from public research organizations generate first revenues sooner. To identify the impact of support by the parent organization, we apply multivariate regression techniques as well as an instrumental variable approach. Our results show that support in the early stage by the parent organization can speed up commercialization. Moreover, we identify two distinct channelsthe help in developing a business plan and in acquiring external capitalthrough which support by the parent organization can enable spin-offs to generate first revenues sooner.
Introduction
Spin-offs from universities and public research organizations (PRO) (hereafter public research spin-offs) are one key mechanism to commercialize knowledge and technologies generated and invented at these organizations and, thereby, to stimulate economic growth and development (Shane 2004; Wright et al. 2007; Astebro and Bazzazian 2011) . Accordingly, public policy deliberately encourages universities and public research organizations to develop and implement structures and mechanisms (i) to promote entrepreneurial culture and spirit among scientists and to increase their awareness of entrepreneurship as a career opportunity, and (ii) to actively support scientists interested in entrepreneurship in order to speed up the process and increase the chances of a successful commercialization (Mowery et al. 2004; Link and Siegel 2005; Muster and Wright 2010; Grimaldi et al. 2011; O'Kane et al. 2015; Etzkowitz 2004) .
To this date, an abundant literature on entrepreneurship from universities and PROs emerged (Vohora et al. 2004; Shane 2004; Lerner 2005; Wright et al. 2007; Rothaermel et al. 2007; Mustar et al. 2008; Bozeman et al. 2015) . However, most prior research is primarily interested in the question of how to stimulate the entrepreneurship rates at PROs and focuses mainly on the determinants of the decision of scientists to become entrepreneurs. In particular, mostly the individual characteristics of the scientists as well as the characteristics of their parent organizations which are associated with higher average entrepreneurial propensity at individual or organizational level have been investigated. For instance, it has been found that the entrepreneurial propensity is higher for scientists who conduct intensive R&D; have contacts to industry and finance; have work experience in the private sector, in particular managerial and entrepreneurial experience; etc. Krabel and Mueller 2009; Fini et al. 2009 ). Similarly, the number of spin-offs at PROs is found positively associated with the R&D expenditures at these organizations; the availability and the endowment of technology transfer offices (i.e. the amount of resources and number of personnel) as well as the competences and qualification of the staff; the availability of venture funds; the expenditures on intellectual property rights (e.g. patents and trademarks); the business development capabilities of the PROs; the embeddedness of universities and PROs in networks; etc. (Phan and Siegel 2006; Powers and McDougall 2005; Clarysse et al. 2011; Hayter and Link 2015; Boeker 1989; Di Gregorio and Shane 2003; Moray and Clarysse 2005; O'Kane et al. 2015; O'Shea et al. 2005; Siegel et al. 2007; Brennan et al. 2005; Brennan and McGowan 2006; Holley and Watson 2011) .
From these results has been deduced-implicitly or explicitly-about appropriate measures to increase the incidence of entrepreneurship at PROs.
Comparably few studies, however, seek to understand (i) whether and (ii) through which channels and mechanisms support measures for spin-offs at the PROs impact on the development and performance of the newly created companies rather than to look at the individual and organizational determinants of scientists' decisions to engage in entrepreneurship (cf. Phan and Siegel 2006 for excellent overview). Further research along these lines is required, particularly because public research spin-offs do not necessarily outperform similar non-academic startups (Astebro and Bazzazian 2011; Astebro et al. 2012; Lindholm Dahlstrand 1997; Ensley and Hmieleski 2005; Shane 2008; Zhang 2009; Koster 2006; Stephan 2014) .
In this paper, we econometrically analyze whether support by the parent organizations in the nascent or seed phase can speed up the process of commercialization and can help public research spin-offs quickly generate first revenues (speed up the time to the market).
Moreover, we investigate two distinct channels-the development of a business plan and the acquisition of external capital-through which support by the parent organization can speed up commercialization. The ability to quickly enter the market with a marketable product, to generate revenues and thereby to break even is positively associated with subsequent survival, development and performance (McEvily et al. 2004; Meyer 1993; Rosenthal 1992; Wheelwright and Clark 1996; Kessler and Chakrabarti 1996; McGrath 1999) . In fact, firms that succeed in speeding products faster to the market can obtain first-mover advantage, higher profitability and market shares (Droege et al. 2005; Takeuchi and Nonaka 1986; Eisenhardt and Martin 2000) . In general, initial conditions have long-term performance implications (Cooper et al. 1994; Dahlqvist et al. 2000) . We focus on the early phases of the process of venture creation because especially in these early stages of development, academic spin-offs are particularly dependent on support by their parent organization (Grimaldi et al. 2011 We investigate whether support by the parent organization can speed up the process of commercialization at the example of public research spin-offs from the Max Planck Society (MPG) in Germany, which maintain 78 institutes in Germany and is regarded as one of worldwide most distinguished public research organizations. Specifically, in order to get as many entrepreneurs as possible, we apply the nascent entrepreneurship concept (Reynolds et al. 2004a, b; Astebro and Bazzazian 2011) , and focus on the time from starting any activity towards establishing an own firm to the date they expect to generate first revenues as a proxy for the time to market (or the speed of commercialization). Though focused on basic research, the MPG has an institutionalized technology transfer office (TTO)-Max Planck Innovation (MPI)-, whose mission is to promote and support the commercialization of research ideas generated at the MPG (i) through licensing, and (ii) by supporting spin-offs by scientists from the society in the early conceptual and seed phases (Max Planck Innovation 2015) .
Accordingly, similar to other universities and PROs around the world 1 , MPI offers a wide range of assistance and support measures.
The results of the econometric analysis suggest that support in the early stage by the parent organization can facilitate the process of commercialization and that supported spin-offs expect to generate first revenues earlier than not-supported counterparts. Specifically, we apply multivariate regression techniques to assess the impact of support by the parent organization in the early stage on the expected time to first revenues conditional on a number of control variables (i.e. characteristics of the founders and the new ventures, as well as environmental characteristics that might influence their expectations). Moreover, to avoid potentially biased estimates-for instance, if the likelihood that spin-offs are among the supported is related (directly or through unaccounted factors) to their ability to quickly generate first revenues-, we additionally apply instrumental variable (IV) techniques. In the IV approach, we make use of the fact that support for the spin-offs requires close and frequent interactions between founder and the supporting organization, so that scientists located closer to Max Planck Innovation are c.p. more likely to make use of it, regardless their type and abilities. Thus, as an instrument we use the travel time between the working place of a scientist (i.e. the institute) and the Max Planck Innovation in Munich, which is arguably not related to the characteristics of the founder, the venture or the local environment which might also influence the speed of commercialization. Moreover, we show that developing a business plan and acquiring external capital are two distinct channels through which the impact of support by the public organization on the speed of commercialization unfolds.
Our study complements the existing literature on entrepreneurship at PROs by adding to the understanding of whether and through which channels do support measures at PROs help scientists in their entrepreneurial ventures. Moray and Clarysse (2005) inventions to their licensing to private companies. However, none of these studies analyzes whether support by the parent organization helps public research spin-offs generate first revenues quicker. By relating support by the parent organization to the speed of commercialization and how long it takes for the spin-offs to generate first revenues, we add to the understanding of whether and how support by the parent organization can impact on the development of the ventures. Moreover, we contribute also to the literature that seeks to evaluate the effectiveness and the impact of support schemes for public research spin-offs (Phan and Siegel 2006; Bozeman et al. 2015; Hayter and Link 2015; O'Kane et al. 2015) .
Thus, our findings are important for both, research as well as policy makers and PROs.
This paper is organized as follows. In the next section (Section 2) we describe the institutional setting of our empirical analysis, the Max Planck Society in Germany, and introduce the data.
In Section 3 we discuss the empirical methodology used to identify the impact of support by the parent organization on the speed of commercialization of public research spin-offs and present the results of the econometric analysis. In Section 4 we summarize and discuss implications for universities and PROs, policy makers and for further research.
Institutional Setting and Data

Academic entrepreneurship in the Max Planck Society
We analyze the impact of support by the parent organization on the speed of commercialization of public research spin-off from the Max Planck Society (MPG) in Germany (Krabel and Mueller 2009; Krabel et al. 2012 MPI does not invest in spin-offs. As soon as a workable alpha prototype and a realistic and 2 Max Planck Innovation, the technology transfer office of the Max Planck Society closes on average 150 license agreements a year, about half of them with companies abroad. The nature and extent of the licenses are as varied as the payment modalities. They range from upfront payments and sales-based royalties to additional milestone payments, e.g. in the case of drug development. Furthermore, according to self-reported records, Max Planck Innovation currently oversees more than 1,440 inventions and has shareholdings in 16 companies. Since 1979 Max Planck Innovation managed about 3,600 inventions and has closed more than 2,300 license agreements. The total revenues from Max Planck inventions currently amount to about 280 million Euro.
economically sound business plan are developed and uncertainty associated with entrepreneurship is reduced, the MPI provides contacts to financiers such as banks, venture capitalists and business angels who take over (Max Planck Innovation 2015) .
According to self-reported data, since 1990 Max Planck Innovation has spun off 79 companies that license inventions from the Max Planck Society and that belong to hightechnology industries such as life sciences, biotechnology, biochemistry and physical engineering (Max Planck Innovation 2015). 3 The MPI coached nearly all of them in the founding process. Moreover, 52 companies were able to acquire venture capital, 7 went public, 22 were later subject of a merger/acquisition deals with/by existing companies in the field, and in 31 cases incumbent companies were shareholders in the new businesses.
Data collection and sample
Data on entrepreneurs at the Max Planck Society were collected by means of structured phone interviews with MPG scientists. We used a survey design in order to gather as many entrepreneurs as possible. Data collected by the technology transfer offices are typically found to severely underestimate entrepreneurial activity of scientists (Astebro and Bazzazian 2011 for an overview). In fact, while spin-offs that license inventions from Max Planck Society are reliably documented by Max Planck Innovation, the number of not-licensing-based spin-offs as well as the number of spin-offs not supported by Max Planck Innovation can not be recovered from the records (see Section 2.1 and Max Planck Innovation 2015).
We focused only on spin-offs from the 78 institutes of the Max Planck Society which are located in Germany. Before performing the survey, we contacted the executive directors of each of the 78 institutes to obtain permission to interview the scientists. The majority of directors (67 out of 78) permitted us to conduct the interviews and provided us with the necessary information to contact the scientists if it was not publicly available (on the internet).
The targeted population for the survey consisted of 7,808 scientists working in 67 institutes (out of ca. 9,000 scientists in 78 institutes). The survey was conducted by a professional opinion research institute. Trained interviewers called every scientist in the targeted population by phone. Scientists who could not be contacted after three calls were dropped from the study. Participation in the survey was voluntary and scientists could skip any specific question as well as the entire survey. The feasibility and reliability of the survey questions were tested and improved during a pilot study. From the targeted population of 7,808 scientists, 2,604 (33.4%) responded to the survey. To check the representativeness of the sample, we performed a non-response analysis considering characteristics that were publicly available (on the internet) such as field of research (biology, medical science, chemistry, physics, engineering, and humanities) and research position (doctoral student, post doctoral researcher, group leader, professor and director) and found that these 2,604 scientists fairly well represent the targeted population of 7,808.
We identified entrepreneurial scientists at the Max Planck Society by applying the definition of nascent entrepreneurship used in the Global Entrepreneurship Monitor and US-American
Panel Study of Entrepreneurial Dynamics (Reynolds et al. 2004a, b) . Accordingly, we classified scientists as nascent entrepreneurs if they just recently (within the last half year) started any activity associated with establishing an own business. These activities may include applying for public or private financing, seeking for venture capital, writing a business plan, looking for office space or forming the founding team. We focused on nascent entrepreneurs rather than on actual entrepreneurs because with starting an own business scientists typically leave the university or the PRO which makes data collection hardly possible (Astebro and Bazzazian 2011). Thus, by applying the nascent entrepreneurship concept we were able to identify entrepreneurs already in the process of starting a company but before leaving the current employer. In other words, the nascent entrepreneurship concept provides not only a more complete picture of the true entrepreneurial activities but also more realistic entrepreneurship rates (Parker and Belghitar 2006; Reynolds et al. 2004a, b; Bazzazian 2011).
Information on support by the parent organization was obtained by asking the nascent entrepreneurs if they have received any support by the Max Planck Innovation since they started any activities towards establishing an own firm. Support by MPI could include business, technical or legal consulting, feasibility and proof of concept, coaching and mentoring, help in writing a business plan, help in searching and eventually providing business contacts as well as contacts to financiers (cf. Section 2.1).
To obtain information on the speed of commercialization (or the time to market), the scientists were asked to estimate the time they need to generate first revenues, since according to the definition of nascent entrepreneurship we adopted, the scientists in our sample have not yet started a business but are in the very early concept and seed phase (Reynolds et al. 2004a, b) .
For convenience, the scientists were given answers in four intervals: (i) in the next haft year, (ii) in half to one year, (iii) in one to three years, and (iv) in three years or later. We define the speed of commercialization as the time from starting any activity towards the establishment of an own firm to the date the scientists expect first revenues, and add half an year, since according to the nascent entrepreneurship definition, the scientists have started any activity towards establishing an own firm in the last half year. 4
Overall, in our sample of 2,604 scientists, we find 50 (1.9%) nascent entrepreneurs for whom we can analyze the impact of support by the parent organization on the speed of 3. The impact of support by the parent organization on the speed of commercialization of public research spin-offs 3.1. Descriptive evidence 4 We are aware that asking the scientists about the time of expected first revenues might introduce some imprecisions. However, targeting actual entrepreneurs from the Max Planck Society who have already started and generated first revenues comes typically at high costs of losing many of them, resulting in smaller number of observations. In section 3.1 we provide evidence that our approach unlikely leads to a large and systematic measurement error. In section 3.3 we apply instrumental variable approach that helps in case of selection bias and measurement error in the dependent variable. 5 We do not believe that the entrepreneurship rate we report in this study is downward biased because scientists conceal their entrepreneurial intentions/activities. First, at the beginning of the interviews, scientists were ensured that the survey is only for research purpose. Second, scientists at universities and PROs in Germany are legally allowed to run own businesses but also legally obligated to report such activities to their employers. Third, Max Planck Society actively supports those scientists who want to become entrepreneurs, however, scientists are absolutely free to ask (or not) for support.
Our analysis of the impact of support by the parent organization on the speed of commercialization of public research spin-offs is based on 50 nascent entrepreneurs among the scientists in the Max Planck Society in Germany. The first noteworthy finding is that nearly the half (22) of the nascent entrepreneurs report support by Max Planck Innovation (Table 1) . Overall, we find that ca. 46% of the entrepreneurs expect to generate first revenues within one and a half year after starting activities towards establishing an own firm. Further 24% of the nascent entrepreneurs in our sample expect to generate first revenues in one and a halt to three and a half years after starting first activities towards establishing an own firm, and 30% in three and a half years or later. These figures are in line with previous empirical findings (van Gelderen et al. 2006; Carter et al. 1996) 6 , suggesting that our measure for the time to first revenues is unlikely prone to a large and systematic measurement error as it is guessed by the respondents. Not-supported by the TTO (N=28) up to one year 2 (9.1%) 2 (7.1%) one year to one and a half years 8 (36.4%) 11 (39.3%) one and a half years to three and a haft years 3 (13.6%) 9 (32.1%) three and a half years and more 9 (40.9%) 6 (21.4%) A simple comparison of the supported and not-supported spin-offs does not provide clear-cut evidence as to whether support by the parent organization can speed up the commercialization process (Table 1) . Comparably more supported (9.1%) than not-supported (7.1%) nascent entrepreneurs expect to generate first revenues within one year. However, slightly more notsupported (46.4%) than supported (45.5%) nascent entrepreneurs expect to generate first revenues within one and a half years after starting prepare an own firm. Similarly, more notsupported (78.5%) than supported (59.1%) entrepreneurs expect to generate first revenues within a period of maximum three and a half years. Finally, the share of supported entrepreneurs that expect to generate first revenues in three and a half years or later is with ca.
41% almost twice as large as the respective share among the not-supported (ca. 21%).
However, drawing a final conclusion from Table 1 is hardly possible, as this simple comparison does not account for the possibility that supported and not-supported entrepreneurs might significantly differ with respect to characteristics that are related to both the likelihood to be supported and the time to market (cf. Table A1 in the Appendix).
Interval regression
In this section, we apply econometric techniques to more comprehensively assess the impact of support by the parent organization on the speed of commercialization of public research spin-offs. In fact, a simple comparison of the supported and not-supported spin-offs-as the one in Table 1 in Section 3.1, where we found no clear evidence that support by the parent organization speeds up the commercialization process-does not account for the possibility that supported and not-supported nascent entrepreneurs might differ regarding a number of characteristics that are related to both the fact that they are supported (or not) and the speed of commercialization. Hence, we apply multivariate regression techniques that allow us to assess the impact of support on the speed of commercialization conditional on a number of control variables such as individual characteristics (gender, age, industry experience) and
characteristics of the spin-offs (business idea related to patent application, team founding, whether the business idea is based on research in life sciences/biotech, engineering, ICT or humanities). Additionally, we account for the availability of both a written business plan and external capital. 7 We also account for regional heterogeneity in the conditions for entrepreneurship which might influence scientists' expectations by including the local GDP per capita (Fritsch and Falck 2007) .
According to the nature of the dependent variable-the time from starting any activity towards establishing an own firm to the expected date of first revenues in four intervals: (i) up
to one year, (ii) one year to one and a half years, (iii) one and a half years to three and a half years, and (iv) three and a half years and more-we apply interval regression techniques.
Interval regression techniques are a generalization of the models fit by Tobit and are particularly developed for data where each observation represents interval data, left-censored data, and right-censored data (Wooldridge 2013; Cameron and Triverdi 2010) . The results are reported in Table 2 . Note: Results from interval regression. Robust standard errors in parentheses. *** significant at 1%, ** significant at 5%, * significant at 10%.
The results of the analysis indicate that support by the parent organization is indeed associated with faster commercialization and that supported entrepreneurs expect to generate first revenues earlier than not-supported counterparts (Table 2 ). In specification (1) the coefficient of support by MPI is positive and insignificant, when no further characteristics of the entrepreneurs and the ventures are accounted for. This corresponds to the simple (univariate) comparison of supported and not-supported entrepreneurs presented in Table 1 in Section 3.1 which does not provide clear evidence whether support by the parent organization impacts on the speed of commercialization. In column (2) the results of a regression of the expected time to first revenues on only a set of entrepreneurs' individual characteristics and attributes of the spin-offs are presented. We find that entrepreneurs (i) whose business ideas are related to a patent, (ii) have industry experience, (iii) have a written business plan, and (iv) have been successful in acquiring external capital expect to generate first revenues earlier; age and gender seem to play no role. The local GDP per capita included to account for regional heterogeneity in the conditions for entrepreneurship which might influence scientists' expectations is statistically insignificant. In specification (3) we assess the impact of support by the parent organization conditional on the full set of characteristics of the entrepreneurs and their ventures. Once these sources of heterogeneity are accounted for, we find that, indeed, supported entrepreneurs expect to generate first revenues earlier than their notsupported counterparts; the coefficient of MPI support is negative and significant.
Instrumental variable estimation
In this section we apply an instrumental variable approach to even more rigorously assess the impact of support by the parent organization on the speed of commercialization of public research spin-offs. In the previous Section 3.2 we use multivariate regression techniques to assess the importance of support by the parent organization conditional on a number of characteristics of the entrepreneurs and the spin-offs. However, we can not ex ante rule out that there are further characteristics that we can not observe and can not account for, and that are, however, related the likelihood that spin-offs get support as well as to their ability to generate first revenues. In such a case, the results of a multivariate regression analysis in the previous Section 3.2 would be biased. For instance, we would expect a downward bias (lower impact of the support by the parent organization, or in other words underestimation) if entrepreneurs that would have otherwise needed more time to generate first revenues report relatively more often support. On the contrary, we would expect an upward bias (stronger impact of the support by the parent organization, or in other words overestimation) if entrepreneurs that would have anyways needed less time to generate first revenues report relatively more often support. As the process behind getting support or not is ex ante not known, magnitude and direction of the potential bias are also not clear. 8
As an instrument we use the travel time between the working place (i.e. the institute) of each nascent entrepreneur and Max Planck Innovation in Munich. Specifically, we calculate the travel time (in minutes) between each institute and MPI in Munich for three travel modes-by car, by train, and by plane-and use the shortest one. The instrument relies on the fact that support for the spin-offs requires close and frequent interactions between founder and the supporting organization, so that scientists located closer to Max Planck Innovation are c.p. more likely to make use of it regardless their type and abilities. Thus, the instrument is arguably not related to the characteristics of the nascent entrepreneurs or the ventures.
Moreover, the instrument is hardly related to characteristics of the local environment that might also influence the speed of commercialization. The reason is that the different Max Planck institutes are located in exactly those places that (are thought to) provide the best possible supportive environment for the scientists in a specific field of research, in particular professional and scientific networks (e.g. near distinguished university or an industrial cluster etc.) whereas Max Planck Innovation is located in Munich only because Munich is where the headquarter of the society is. 9 8 IV approach can also help in cases where the dependent variable is measured with error (Angrist and Krueger 1991; Ashenfelter and Krueger 1994; Bound et al. 1994) , as in our case, where the time to first revenues is guessed by the respondents. Random measurement error in the dependent variable does not bias the slope coefficient; it does lead to larger standard errors. Assuming this scenario (likelier than systematic measurement error, if at all), it is encouraging that we find statistically significant coefficients for the variable of main interest. However, even when the measurement error in the dependent variable is correlated with the true dependent variable or with the RHS variables, we can still get consistent estimates by using instrumental variables as long as the instrument(s) are only correlated with true RHS variables but not with the measurement error. That is, the instruments most likely to be helpful in this case are the types of instruments we would be using anyway for other reasons (say to cure selection bias). 9 There is no reason to believe that our instrument captures the effect possible positive/negative externalities of being located near/far from the prosperous Munich which might influence scientists' expectations. Although prosperous, Munich does not provide the best possible conditions for scientists and firms in each and every field, because-at regional level-entrepreneurship requires a rather complex and multidimensional ecosystem. For instance, the Max Planck Institute for Marine Microbiology is located in Bremen at the North Sea. Similarly, the institutes focused on medical research-the Max Planck Institute for Biophysical Chemistry, the Max Planck Institute for Experimental Medicine and the Max Planck Institute for Medical Research-are located in Goettingen and Heidelberg that host universities with medical departments among the strongest in Germany. Moreover, though financial institutions-particularly VCs-are concentrated in few major centers, one of which is Munich, there is no evidence whatsoever for a spatial financial gap Schilder 2008, 2012) . Not least, remaining confounding effects should be captured by the local GDP per capita included to account for regional heterogeneity in the conditions for entrepreneurship (Fritsch and Falck 2007) . Note: The first column reports the results of a logit regression of getting support by Max Planck Innovation (MPI) on the travel time between nascent entrepreneurs' work place (i.e., institute) and MPI in Munich. The second column presents the results of an interval regression of the time to first revenues on the predicted values of getting support from MPI from the first stage; that is, from the logit regression in the first column. Robust standard errors in parentheses. *** significant at 1%, ** significant at 5%, * significant at 10%.
The results from the IV approach support a causal interpretation of the findings that support by the parent organization can speed up the process of commercialization and help public research spin-off quicker generate first revenues (Table 3 ). In the first column we report the results of a logit regression with support by the parent organization (yes=1; no=0) as a dependent variable and the travel time between entrepreneurs' work place and Max Planck Innovation in Munich as independent. In line with our argument, the coefficient on the travel time is significant and negative, indicating that the entrepreneurs located further from Munich are c.p. less likely to report support by Max Planck Innovation. 10 In column two of Table 3 we report the results of an interval regression of the time to expected first revenues on the predicted values of support by the parent organization from the first stage in column one. 11
The estimated coefficient on support by the parent organization is significant and negative, indicating that supported entrepreneurs expect to generate first revenues earlier than notsupported counterparts. Compared to the results from the simple interval regression in Table 2 in Section 3.2, the coefficient on support by MPI from the IV estimation is larger in magnitude. As mentioned above, the simple interval regression would underestimate the true impact of support if entrepreneurs that would otherwise have needed more time to generate first revenues are comparably more often among the supported and this is not properly accounted for. That this might indeed be the case is also supported by Table 1 where we find among the supported entrepreneurs comparably more individuals that expect to generate first revenues in three and a half years or later.
3.4. Channels of impact 10 The average marginal effect of the travel time is ca. -0.002 suggesting that 50 minutes travel time reduces the likelihood of reporting support by Max Planck Innovation by 10%. 11 As there is no straightforward way to account for the fact that the values of MPI support in the second column are the predicted values from the logit regression in the first column (standard errors from the logit regression are not normal as in the linear model), the estimates should be interpreted with caution. However, given the kind of data we have-binary variable for support by the TTO and interval data for the time of commercialization-we prefer this approach over a 2SLS since the precision of estimation of a linear model on such data depends crucially on the number of observations.
In this section we analyze two specific channels through which support by the parent organization can speed up the process of commercialization and help spin-offs quicker generate first revenues. In particular, as mentioned above, self-declared aim of Max Planck Innovation is to support nascent entrepreneurs in developing a sound business plan and in acquiring external capital. To achieve this goal, Max Planck Innovation offers help by internal and external executive consultants, by technical, design and product engineers or other experts, conducts feasibility studies, proofs of the concept, market research, etc. Indeed, in our previous analysis of the determinants of the speed of commercialization and the time to first revenues in Table 2 in Section 3.2, we find that as soon as we introduce support by Max Planck Innovation, the estimated coefficients for having a written business plan and for the availability of external capital decrease in magnitude and become less significant. This provides some indication that the effect of support by Max Planck Innovation on the speed of commercialization unfolds (partially) through help in writing a business plan and acquiring external capital.
To explicitly assess the impact of support by MPI on the development of a business plan and on the acquisition of external capital, we apply seemingly unrelated bivariate probit regression techniques, since both, the outcome variables (availability of business plan and external capital) and the potentially endogenous regressor (support by MPI) are binary (Greene 2003; Fairlie 2006 The results of the bivariate probit analysis in Table 4 confirm that entrepreneurs supported by the parent organization are c.p. more likely to have a written business plan and to have been successful in acquiring external capital; the estimated coefficient of MPI support is in both cases positive and statistically significant. This indicates that support by the parent organization speeds up the process of commercialization and helps spin-offs generate first revenues quicker by, among other channels, helping scientist to quicker develop a sound business plan and to acquire external capital.
Summary and discussion
In this paper we empirically analyze whether support by the parent organization in the early nascent and seed phase can speed up the commercialization process and help spin-offs from public research organizations quicker generate first revenues. While the vast majority of the existing literature on academic entrepreneurship focuses on the determinants of higher entrepreneurial incidence at PROs, comparably less is known whether and through which channels does support by the parent organization impact on the development of the spin-offs.
Assessing the impact of support by the parent organization on the speed of commercialization and the time to market is important because the ability to quickly enter the market with a given product, to generate revenues and thereby to break even is positively associated with subsequent survival, development and performance (McEvily et al. 2004; Meyer 1993; Rosenthal 1992; Wheelwright and Clark 1996; Kessler and Chakrabarti 1996; McGrath 1999) . In fact, firms that succeed in speeding products faster to the market can obtain firstmover advantage, higher profitability and market shares (Droege et al. 2005; Takeuchi and Nonaka 1986; Eisenhardt and Martin 2000) .
The analysis is performed at the example of spin-offs from the Max Planck Society in Germany, one of the worldwide most distinguished public research organizations. We interview nascent entrepreneurs at the Max Planck Society and proxy the speed of commercialization by the time from starting any activity towards the establishment of an own firm to the date of expected first revenues. To assess the impact of support by the parent organization we apply multivariate regression techniques as well as instrumental variable approach that helps avoid potential biases which could arise (i) if there are characteristics of the entrepreneurs and their ventures that are simultaneously related to the likelihood that spinoffs get support and to their ability to generate first revenues, and which are not accounted for in the multivariate regression, and (ii) due to measurement error in the time to first revenues that is estimated by the nascent entrepreneurs. Our results support a causal interpretation of the findings that support by the parent organization can speed up the process of commercialization and help public research spin-off quicker generate first revenues.
Moreover, we investigate two particular impact channels and find that support by the parent organization unfolds its impact by helping entrepreneurs in developing a business plan as well as in acquisition of external capital.
The findings of this study complement the literature on academic entrepreneurship in general and add to the understanding on whether and how exactly support by the parent organization impact on the development of the ventures in particular. However, our findings contribute also to the literature that aims at evaluating the effectiveness and the impact of public support schemes for public research spin-offs (Phan and Siegel 2006; Bozeman et al. 2015; Hayter and Link 2015; O'Kane et al. 2015) .
Though our econometric analysis allows causal interpretation of the findings that support by the parent organization reduces the time from starting activities towards the establishment of an own firm to the date of expected first revenues, and is, thereby, relevant for both research and practitioners, generalizing from our study and deriving concrete and final policy recommendation is not an easy task. First, in order not to loose too many scientists that leave academia to start a firm, we apply the nascent entrepreneurship concept and focus on the time to expected first revenues. Our figures are in line with previous empirical findings (van Gelderen et al. 2006; Carter et al. 1996) , suggesting that our measure for the time to market is unlikely subject to a large and systematic measurement error. Moreover, in order to be on the safe side, we additionally apply instrumental variables techniques that help, among other things, cope with potential measurement error. However, further research that solves this issue would be appreciated. Second, and more important, generalizing and deriving implications for policy and public research organizations might be difficult since our results are based on a sample from a single organization, the Max Planck Society. Focusing on a single organization has major advantages as it reduces unobserved heterogeneity (in particular treatment heterogeneity) and therefore allows draw robust inference. However, for policy it is crucial to know whether and how important the particular institutional and organizational setting is and to which extent findings from a single organization can be transferred to other institutional and/or organizational environments.
Overall, deriving final policy recommendation requires answering the question about the optimal design of support measures for spin-off at PROs. For instance, there are lots of possibilities for the parent organizations to come to the aid of scientists that want to become entrepreneurs since these often lack skills and competences that are important for successful entrepreneurship such as entrepreneurial and industry experience, business contacts, knowledge about markets, competition, management, human resources, finance, ect. We illuminated two specific channels through which support by the TTO can unfold its effectshelp in business plan and in acquiring external capital-, however, futures research is required to fully open the black box of university TTO support. Moreover, it is also important to know whether support by the parent organization impacts on further characteristics of the spin-offs which define their success (e.g., help in acquiring the appropriate human capital, business contact, legal issues, initial size, etc.). Furthermore, it is important to know whether and how TTOs and other institutions within the same organization interact and complement each other (e.g. cultural differences between scientists and TTO staff). Also understanding interactions and complementarity between different support measures and whether there is an optimal set of such is important for maximizing the impact. Similarly, for the optimal design of spin-offs support measures is required to uncover whether and which characteristics of the institutional and organizational characteristics influence their effectiveness and are important for the success of the measures, that is of the spin-offs. As mentioned above (see Introduction), size, qualification, experience of the TTOs are found associated with higher entrepreneurial incidence at the respective institutions. However, it is not known whether these same characteristics also help speed up the process of commercialization and contribute the long term development of the spin-offs.
Not least, a policy recommendation requires evaluating the efficiency of support schemes at universities and other public research organizations. Our study provides some information about the question of when it is effective to support firms. We find that support by the parent institutions in the very early, pre-start stages of the development of the new businesses can play a role. The results indicate that support by the parent organizations helps spin-offs develop a sound business plan and acquire external capital, which implies stronger incentives for private financiers due to higher returns, at least in the short run. However, it is an open question whether support in the early stage is generally more efficient than support in later stages. More importantly, for policy is important to know the causal effect of support by the parent institution on the performance of the spin-offs in the long run. Though there is evidence that being early on the market and quickly generating first revenues can generate short run advantages, the effects in the long run are likely depending on the type of and degree of innovation, the stage in the product life cycle, and the intensity and type of competition (Langerak and Hultink 2005; Suarez and Lanzolla 2005; Robinson et al 1994) .
Moreover, it is important to know along which dimension the effects unfold (growth, productivity, profitability, survival) and whether and how persistent these are. We believe that all these are valuable avenues for further research.
